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Mixed forests in comparison to monocultures:  
Guarantee for a better forest conservation and higher species diversity?  
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Zusammenfassung:  Mischwälder im Vergleich zu Monokulturen: Eine Garantie für besseren 
Forstschutz und höhere Artendiversität? Makroheterocera (Lepidoptera) in Buchen- und Fichten-
wäldern sowie Buchen/Fichten-Mischwäldern. 
Die vorliegende Untersuchung stellt Ergebnisse aus einer vierjährigen Studie über die Nachtfalter-
fauna in Buchen- (Fagus sylvatica) und Fichtenreinbeständen (Picea abies), sowie Buchen/Fichten-
Mischwäldern des Sollings (südliches Niedersachsen, Deutschland) vor. Ein besonderes Augenmerk 
wurde auf das Vorkommen forstschutzrelevanter Schädlingsarten gelegt. Die Erfassung der 
Nachtfalter erfolgte durch den Einsatz von Lichtfallen. 
Die Ergebnisse zeigen, dass die Buchenreinbestände die höchsten und die Fichtenmonokulturen die 
geringsten Falterzahlen aufwiesen. Ein Vergleich der vorgefundenen Artenzahlen ergibt in den 
Buchenreinbeständen und Buchen/Fichten-Mischbeständen gleich viele Arten, wohingegen in den 
Fichtenmonokulturen eine etwas geringe Artenzahl festgestellt wurde. Vermutungen, dass die 
Mischbestände die höchsten Artenanzahl aufweisen, konnte nicht bestätigt werden. 
Eine Aufstellung der Artendominanzen verdeutlicht, dass die hohe Anzahl der Nachtfalter innerhalb 
der Buchenreinbestände hauptsächlich auf das individuenreiche Auftreten der beiden Arten 
Calliteara pudibunda L. und Colocasia coryli L. beruhte. Innerhalb der Fichtenmonokultur war der 
Fichtenschädling  Lymantria monacha L. und im Buchenreinbestand der Buchenschädling C. 
pudibunda mit sehr hohen Individuendichten auffällig gewesen – ein Zeichen für die potentielle 
Gefährdung dieser Waldtypen durch Kahlfraß dieser beiden Schadfalterarten.  
Resümierend kann zusammengefasst werden, dass Buchen/Fichten-Mischwälder die Artendiversität 
nicht erhöhen (dies gilt für Falterarten, die mit Lichtfallen erfasst werden können), aber aus Sicht 
des Forstschutzes bzgl. des Buchenschädlings C. pudibunda und des Fichtenschädlings L. monacha 
das Risiko von Kalamitäten verringern könnnen. 
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The current forest policy in Germany is to change forest monocultures into mixed forests. This is based 
on the assumption that monocultures are less robust against climatic influences (e.g. storm, drought), more 
susceptible to pest organisms (JACTEL et al. 2002, WOODS 2003, BURTON et al. 1992) and are for several 
insect taxa known to show a lower species richness in comparison to mixed forests (YOUNG 1986, BARKMAN 
1992, BURKHART & THAM 1992, DENNIS 1997, BRAGANCA et al. 1998). This investigation wanted to verify 
this thesis in forests consisting of European beech (Fagus sylvatica), Norway spruce (Picea abies) and of 
both tree species. The area of investigation was in the Solling region, a large woodland in Lower Saxony 
(Germany).  MITT. DTSCH. GES. ALLG. ANGEW. ENT. 15 GIESSEN 2006 
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The study focused on Macroheterocera (moths) for the following reasons: 1) high species richness in 
forests, 2) high numbers of individuals, 3) several species are known as pest insects, 4) or on the other hand 
are endangered.  
The following questions should be answered: 1) in which forest type occurs the highest number of species 
and individuals, 2) does the mixed forest show lower species and individual numbers of pest species? 
 
Method 
The investigation was carried out between 1999 and 2002, from March until the beginning of December. 
We probed forest monocultures of European beech (Fagus sylvatica), Norway spruce (Picea abies) and 
mixed forests consisting of both tree species (four replications of each).  
For catching the moths we used a light trap known as Minnesota type. The light trap consisted of a light 
source with an ultraviolet lamp (8 watt) and was equipped with a twilight switch. In every sample area we 
installed one of these light traps and took the sample in a weekly frequency. 
Not every nocturnal Lepidoptera is attracted to light sources, this depends on species (SOUTHWOOD 1978, 
SUMMERVILLE et al. 2003). For this reason, it is not possible to detect with a light trap all species of a habitat. 
But for comparing different habitats it is a useful method (TAYLOR & CARTER 1961, INTACHAT et al. 1997). 
 
Results and discussion 
During the four years of investigation in all forest types we caught circa 14700 moths, from 270 species.  
In the beech forests we found the highest number of moths: In total 7200 specimen (100%), per sample 
about 17 individuals (Fig. 1: left graph). The spruce forest showed the least number of moths. Here we 
caught only 3000 moths (40%) and about 12 moths per sample. The individual numbers occurring in the 
mixed stands was in-between that of the pure beech and spruce stand (4500 insects = 62%).  
In the beech stand and in the mixed forest we found on average the highest species numbers (each about 























Figure 2 shows the structure of dominance for the 20 most frequent species we found in the different 
forest types. The listed species are divided in different classes of dominance (see subtitle of Fig. 2).  
Remarkable is that we found two eudominant species with very high values of dominances in the beech 
forest: Colocasia coryli L. (nut-tree tussock) and Calliteara pudibunda L. (pale tussock, Fig. 3). C. coryli 
was the only eudominant species in the mixed forest. In the spruce stand it was also a dominant species. 
However, C. coryli is not significant with regard to forest conservation. Of higher relevance in this regard is 
Fig. 1: The individual (left graph) and species numbers (right graph) of moths in the different forest types: 
comparison between pure beech, beech/spruce (mixed) and pure spruce (four replications of each). 
Fig. 1:   The individual (left graph) and species numbers (right graph) of moths in the different forest types: 













































































































































































































































































































































































































































































































































































































































































































































beech forest spruce forest mixed forest
C. pudibunda. The caterpillar of this moth feeds on different broad-leaved trees and is a potential pest of 
European beech (e.g. VITÉ & KLIEFOTH 1955, SCHWENKE 1978, SCHWERDTFEGER 1981). In the mixed forest 
this species showed a lower dominance as in the pure beech stand.  
 
Fig. 2:  Dominance structure of moths species in pure stands of spruce and beech and mixed stands of spruce 
/ beech. The figure shoes the most 20 frequent species of each forest type. Common classes of domi-














Fig. 3:   Adult moth and its larvae from Calliteara pudibunda L. 
 
Another important pest we found in high density in the spruce forests was Lymantria monacha L. (nun 
moth). It is polyphagous on conifers and broad-leaved trees, but a well-known pest especially on Norway 
spruce (e.g. SORAUER 1925, GÄBLER 1955, JENSEN 1991). L. monacha occurred in all forest types without 
statistical differences (in terms of individual number) between the beech, spruce and mixed forests.  
C. pudibunda was a very frequent species in the pure beech forests (Fig. 4). In mixed stands of beech and 
spruce we found only 28% of the individual numbers of the pure beech stand (beech: 100%).  
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The mixed forest, consisting of both tree species European beech and Norway spruce, seems to be less 
susceptible to C. pudibunda (pest of beech) and L. monacha (pest of spruce). Especially C. pudibunda 
showed significantly lower individual numbers in the mixed forest as compared to the beech monoculture. In 
the spruce monoculture L. monacha was the only dominant species among the moths. This shows the 
potential for outbreaks of L. monacha in spruce forests. The lower individual numbers of this potential pest 
species in mixed forest could be explained by the resource disturbing hypothesis (PAIVINEN et al. 2003) or 
enemy hypothesis (JACTEL et al. 2002), that means in mixed forests, in comparison to monocultures, the 
abundance of predators and parasitism is higher (JÄKEL & ROTH 2005).  
Considering the species richness we did not find the most species in the mixed forests as it was suggested. 
In the beech monoculture the number of species reached the same level. Only in the spruce monoculture we 
found a lower number of  species.  
 
Acknowledgement 
The Federal Ministry of Education and Research Germany (Bundesministerium für Bildung und 
Forschung “BMBF”) gave financial support for this investigation.  
 
References 
BARKMAN,  J.J.  (1992):  Canopies and microclimate of tree species mixtures. – In: CANNELL,  M.G.R.; 
MALCOM,  D.C.,  ROBERTSON,  P.A.  (eds.): The ecology of mixed-species stands of trees. Special 
publication no. 11 of the British Ecological Society. Blackwell Scientific Publishers: 181-188. 
BRAGANCA, M.A.L.; ZANUNCIO, J.C.; PICANCO, M. & LARANJEIRO, A.J. (1998): Effects of environmental 
heterogeneity on Lepidoptera and Hymenoptera populations in Eucalyptus plantations in Brazil. – Forest 
Ecol. Manage. 103 (2-3): 287-292. 
BURKHART, H.E. & THAM, A. (1992): Predictions from growth and yield models of the performance of 
mixed-species stands. – In: CANNELL, M.G.R.; MALCOM, D.C., ROBERTSON, P.A. (eds.): The ecology of 
mixed-species stands of trees. Special publication no. 11 of the British Ecological Society. Blackwell 
Scientific Publishers: 21-34. 
BURTON, P.J.; BALISKY, A.C.; COWARD, L.P.; CUMMING, S.G. & KNEESHAW, D.D. (1992): The value of 
managing for biodiversity. – Forestry chronicle 68 (2): 225-237. 
DENNIS, P. (1997): Impacts of forest and woodland structure on insect abundance and diversity. – In: Watt, 
A.D.; Stork, N.E.; Hunter; M.D. (eds.): Forest and insects. Chapman & Hall, London, UK: 321-340. 
GÄBLER, H. (1955): Forstschutz gegen Tiere. – Neumann Verl., Radebeul u. Berlin. 
 
Fig. 4:   Numbers of C. pudibunda per sample in com-
parison to forest types. Different letters on bars 
indicate significant statistical differences at 
P<0.05 (n=4, F=5.62, one factorial anova). MITT. DTSCH. GES. ALLG. ANGEW. ENT. 15 GIESSEN 2006 
 
  199
INTACHAT,  J.;  HOLLOWAY,  J.D.  &  SPEIGHT,  M.R. (1997): The effects of different forests management 
practices on geometroid moth populations and their diversity in Peninsular Malysia. – J. Trop. Forest Sc. 
9(3): 411-430. 
JACTEL, H.; GOULARD, M.; MENASSIEU, P. & GOUJON, G. (2002): Habitat diversity in forest plantations 
reduces infestations of the pine stem borer Dioryctria sylvestrella. – J. appl. Ecol. 39 (4): 618-628. 
JÄKEL, A. & ROTH, M. (2004): Conversion of single-layered Scots pine monocultures into close-to-nature 
mixed hardwood forests: effects on parasitoid wasps as pest antagonists. – Eur. J. Forest Res. 123: 203-
212. 
JENSEN,  T.S. (1991): Integrated pest-management of the nun moth, Lymantria monacha (Lepidoptera, 
Lymantriidae) in Denmark. – Forest Ecol. Manage 39 (1-4): 29-34. 
PAIVINEN, J.; AHLROTH, P.; KAITALA, V.; KOTIAHO, J.S.; SUHONEN, J.; VIROLA, T. (2003): Species richness 
and regional distribution of myrmecophilous beetles. – Ecologia 134 (4): 587-595. 
SCHWENKE, W. (1978): Die Forstschädlinge Europas, Vol. 3.: Schmetterlinge. – Verl. Paul Parey, Hamburg 
u. Berlin. 
SCHWERDTFEGER, F. (1981): Die Waldkrankheiten. – Verl. Paul Parey, Hamburg u. Berlin. 
SORAUER, P. (1925): Handbuch der Pflanzenkrankheiten. Vol. 4: Tierische Schädlinge, 4. Aufl. – Verl. Paul 
Parey, Berlin. 
SOUTHWOOD, T.R.E. (1978): Ecological methods: with particular reference to the study of insect populations. 
– Chapman & Hall, London. 
SUMMERVILLE, K.S.; BOULWARE, M.J.; VEECH, J.A. & THOMAS, O.C. (2003): Spatial variation in species 
diversity and composition of forest lepidoptera in eastern deciduous forests of North America. – 
Conservation Biology 17(4): 1045-1057. 
TAYLOR, L.R. & CARTER, C.I. (1961): The analysis of numbers and distribution in an aerial population of 
Macrolepidoptera. – Trans. R. Entomol. Soc. London 113: 369-386. 
VITÉ, J.P. & KLIEFOTH, R. (1955): Erfahrungen mit dem Buchenrotschwanz. – Holz-Zentralblatt, Stuttgart. 
39: 511-512. 
WOODS, A.J. (2003): Species diversity and forest health in northwest British Colombia. – Forestry chronicle 
79 (5): 892-897. 
YOUNG, M.R. (1986): The effects of commercial forestry on woodland Lepidoptera. – JENKINS, P. (ed.): 
Trees and wildlife in the Scottish Uplands. ITE Report 17, NERC: 88-94. 
 MITT. DTSCH. GES. ALLG. ANGEW. ENT. 15 GIESSEN 2006 
 
  200 
 